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MAXY attempts have been made to infect monkeys with scarlet fever, 
and a few observers have reported successful results-Griinbauiu 
(1 9 04 5), Bernhardt (1 9 11 '), Cantacuzene (1 9 1 1 ", Landsteiner, 
Levaditi, and Prasek (1911 6). The results have, however, not been 
uniform, and i t  has in all cases remained somewhat doubtful whether 
the animals were really infected with scarlet fever or not. In  a recent 
paper, Draper and Hanford (1 9 13 ')'adopt a highly critical attitude, 
and, from a review of the literature and the results of their own 
experiments, come to the conclusion that the monkey is probably 
insusceptible to the disease. 

All these writers, naturally enough, lay stress on the productiori 
of a rash followed by desquaniation. Now the rash is not invariably 
present even in the human sub,ject, and niy experimental work has led 
me to the conclusion that it is generally absent in the monkey. 
There is, however, another phenomeiion in scarlet fever which is at  
least as constantly present as the rash, namely, the appearance of 
certain changes in the staining reactions of the polymorpho-nuclear 
leucocytes. In  films of scarlet fever blood taken during the acute 
stage and prepared by Leishman's method, a certain proportion of these 
leucocytes show blue patches of various shapes and sizes in their 
cytoplasm. I n  some leucocytes it is merely a change in the stainiiig 
reaction of the granules, while in others the altered granules appear to 
have coalesced to form more or less definite blue spots. This 
phenomenon was first described by Dohle (1 9 1 2  5),  who interpreted the 
change as being due to the presence of inclusions of a parasitic nature. 
This interpretation is certainly wrong, a~ subsequent work haa shown ; 
but to Dohle belongs the credit of having introduced a new clinical 
sign of considerable value in diagnosis in the human subject, and, as I 
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believe, of the utmost importance in the study of the experimental 
disease in the monkey.’ 

The first indication which I obtained of the nature of the 
reaction in the monkey to the virus of scarlet fever occurred in 
Rhesus No. 1, which received an intraperiioneal injection of 10  C.C. 

of citrated blood from a severe case of scarlet fever on the fourth day 
of the disease. The injection was made on 9th March, a t  8 p.m., the 
animal’s temperature being then 102”-6 F. On the next day at  noon 
the temperature had risen 2” F., and it remained UP till after 9 p.m. 
The followirig day it had returned nearly to the normaL Dijhle’s 
bodies were found in 5 5  per cent. o€ the leucocytes on the first day, 
and in 15  per cent. on the second day. After that they disappeared 
(see Chart 1). A portion of the blood used for this injection 
was found to be sterile when tested on ordinary media, and I am 
now of opinion that this reaction was due to a toxin in the patient’s 
blood arid not to an infection. 

After many failures to repeat this experiment with the blood of 
other patients, I succeeded in obtaining a similar reaction by the 
subcutaneous injection of mouth washings from scarlet fever patients 
in two cases out of five. 

The patients were made to gargle with sterile saline solution, and 10 C.C. 
of the washings thus obtained were injected in each case. The first of these 
{Case A) was a well-marked scarlet fever of mild type on the fourth day from 
onset. On 18th June at 4.30 pm., an injection WBS made in the abdoniinal 
wall of Rhesus No.  9, and another monkey received an intraperitoneal 
injection of the same amount (10 c.c.). The intraperitoneal injection had no 
apparent result. On the 
evening of the 19th its temperature had risen 3” F., and the fever continued 
for six days. During the whole of this period Dohle’s bodies were present. 
There was considerable edema at  the site of inoculation. On the 22nd an 
abscess formed, which was incised on the 23rd and healed rapidly. The 
temperature fell to normal on the 26th, and Dohle’s bodies disappeared at the 
same tinie (see Chart 2). 

On the 19th a few drops of fluid were withdrawn with a syringe from the 
edematous swelling, and two varieties of streptococci were isolated and injected 
into other monkeys without result. On the 23rd, cultures were again made 
from the pus and streptococci isolated, but attempts to infect other monkeys 
again failed. 

It may be noted that 20 C.C. of citrated blood from this case gave no result 
on intraperitoneal injection. 

The second case (B) in which a successful result was obtained was a 
similar mild scarlet fever on the fourth day. On 14th July at 4 p.m., 
injections were made on the inner side of the thigh in three monkeye, 
namely, Rhesus No. 17, Ehesus No. 26, and Cynomologus No. 25. The 
remainder of the washing was incubated at  body temperature until 10 
o’clock next day, when a similar injection was made into Cynomologus 
No. 24. Since all four monkeys gave a positive reaction in this case, it is 
probable that the uncertainty of the results is due to differences of dosage, 
and not to differing susceptibility in the individual animals. The results 

The monkeys used by me all belonged to the genus M m a w  ; the species varied and 
is indicated along with the number of the animal in each cwe. 

Ehesus No. 9 developed a well-marked reaction. 
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are shown in Charts 3, 4, 5, and 13. The following symbols are used with 
reference to Dohle’s bodies :- 

indicates their presence in more than 50 per cent. of the polymorph 
leucocy tes. 

+ indicates their presence in less than 50 ,, Y Y  Y Y  

f Y Y  Y Y  ?Y 20 , I  9 ,  Y Y  

o ,, complete absence. 
The local reaction in each case consisted in an edematous inflammation, 

which involved the loose tissues about the genitals and spread across both 
buttocks, subsiding after two or three days. Rhesus So.  26 developed a 
considerable abscess on 20th July, and Rhesus No. 17 a small abscess on 
24th July ; in the others no abscess formation occurred. A point of consider- 
able interest is that Rhesus No. 17  developed a painful arthritis and teno- 
synovitis of the left ankle which began on 23rd July, continued for ten days, 
and then cleared up completely. 

Attempts were again made to pass the infection on to other 
monkeys by means of cultures, and this time with success. Froin 
fluid withdrawn from the local swelling of Cynomologus No. 25 on 1 6 t h  
July a culture 011 agar waa obtained consisting chiefly of a large 
staphylococcus, but containing also numerous diplococci. 

This inipnre culture was injected subcutaneously in the thigh of Rhesus 
So. 16 on 20th July. This animal developed a well-marked reaction 
(Chart 6). An injection of a pure culture of the staphylococcus in another 
monkey gave a negative result, and this coccus was probably a con- 
tamination from the skin of Cynomologus No. 25. On 20th July, Rhesus 
No. 5 was injected with an impure agar culture of B. proteua obtained 
from the mouth washings of Case By after two days’ incubation. This 
culture contained diplococci, and gave a positive reaction (Chart 7). The 
3. proteus when plated and obtained in pure culture did not give the 
reaction. 

On 21st July fluid was withdrawn with a syringe from the local swelling 
of Rhesus No. 16, and planted in 50 C.C. of broth, to which 5 C.C. of human 
citrated plasma had been added. Growth took place, consisting apparently of 
streptococci only. This flask was left in the incubator until 8th September. 
On this date no growth could be obtained from 0.5 C.C. of its contents on 
ordinary agar or in ordinary broth, but an injection of 10 C.C. in the thigh of 
Rhesus No. 28 gave a well-marked, although somewhat delayed, reaction 
(Chart 8). The reaction at first appeared to be negative, until a rke of 
temperature was noted on the evening of the 11th. On the 12th, marked 
redness and cedema of the scrotum were noted, and Dohle’s bodies appeared. 
Fliiid withdrawn on the 14th showed numerous diplococci, and growth 
appeared to take place in broth, although no subculture could be obtained on 
ordinary agar. Subsequently a growth was obtained on serum agar, which was 
afterwards proved to be identical with the diplococcus isolated on the 16th. 
Abscess formation occurred on the 16th. Pus withdrawn with a syringe 
showed numerous Gram-positive diplococci and gave pure cultures of this 
diplococcus in plasma broth and on agar. An incision waa made, a large 
quantity of blood-stained pus evacuated, and the abscess healed rapidly. 

It was found that i n  subculture this diplococcus could be grown 
only on serum-containing media, and not on ordinary agar or broth. 
Its presence in large numbers in the pus, and the fact that it appeared 
to  be the only organism present, made it highly probable that it was 
the cause of the reaction. 



446 l% MAZR. 

An injection of 1 C.C. of a three-days’ plasma broth second subculture of 
this diplococcus in Rhesus No. 30 on 21st September gave a considerable 
local reaction, but no appreciable rise of temperature and no llohle’s bodies. 

On 29th September, 10 C.C. of a twenty-four hours’ second subculture in 
serum broth gave a positive reaction in Rhesus No. 29. The injection was 
made subcutaneously in the thigh at 11 a.m., and at 4 p.m. the temperature 
of tile monkey had risen 3” F. Next day Dohle’s bodies appeared, and the 
reaction lasted for five days. On 9th October a small subcutaneous abscess 
formed on the buttock, and from this the diplococcus was recovered 
(Chart 9). 

On 6th October, injections of 10 C.C. of a twenty-four hours’ second 
subculture, in serum broth of the diplococcus from Rhesus No. 28, were made 
in three monkeys, namely, Rhesus Nos. 17, 27, and 30. Nos. 17 and 30 were 
used to see whether any immunity had been conferred by the previous 
injections in these animals, and Xo. 27 formed a control. Rhesus No. 17 
gave no reaction, not even a rise of temperature, and the complete 
immunity of this animal is further evidence that this diplococcus was 
the cause of the original reaction to the injection of mouth washings 
(Chart 3). Rhesus No. 30 gave only a slight positive reaction, some 
degree of resistance having apparently been established by the injection of 
1 C.C. on 21st September (Chart 10). Rhesus No. 27 gave a well-marked 
reaction (Chart 11). 

It follows from these results that in the mouth washings which 
gave a positive reaction the diplococcus must have been present in 
enormous numbers, comparable to  those in the cultures, and that it 
may very possibly have been present even in the negative cases, 
although not in sufficient numbers to produce a reaction. It there- 
fore seemed advisable to attempt to isolate the diplococcus directly 
by plate methods froiii scarlet fever throats. 

A study of the cultural characters of the diplococcus isolated from Rhesus 
So. 28, and in particular the appearance of isolated colonies on serum agar, 
after incubation for several clays, gave hopes that this would not be an 
impossible task. I have, in fact, succeeded in isolating the diplococcus 
directly from the throat in two cases out of four. The procedure adopted in 
one of these cases may be described in detail in order to show the technique 
used. A series of five serum agar plates was prepared. A swab was taken 
from the throat of a scarlet fever patient (Case C )  on the fourth day from 
onset, and rubbed lightly on the first plate. This and the succeeding plates 
were then rubbed with a T-shaped glass rod. The plates were incubated for 
three days, enclosed in a metal box to prevent drying. Likely colonies were 
taken and planted in serum broth. Next day the tubes showing typical 
streptococcal growth, d.s., a flocculent deposit with clear supernatant fluid, 
were discarded. Two tubes showing diffuse growth with little or no deposit, 
and showing diplococci and very short chains i n  hanging drop preparations, 
were subcultured on serum agar, in undiluted horse serum, and in ordinary 
broth. On the following day the serum tubes showed difruse growth, the 
serum agar tubes showed streptococcus-like colonies, and the ordinary broth 
tubes showed no growth. Two days later, on 26th October, the original 
eerum broth and pure serum tubes were mixed, and 10 C.C. of the mixture 
injected subcutaneously in the thigh of Sinicus No. 34 and Cynomologus 
No. 24. Both these animals gave a well-marked reaction (Charts 12 and 13). 
It will be noted that the previous injection of mouth washings from Case B 
.on 15th July did not protect Cynomologus No. 24. 

In the other case (D) in which the diplococcus was isolated directly from 
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the throat the first subculture was not tested, and the second subculture (two 
days in serum broth) in a dose of 10 C.C. did not give a reaction in Sinicus 
No. 34 on 19th October (Chart 12). Two days later 10 C.C. of the same 
culture mixed with half an agar slope of B. proteus gave a positive 
reaction in Sinicus No. 35 (Chart 14). 

If should be noted that, on 19th October, Cynomologus h’o. 24 also 
received an injection of 10 C.C. culture of the diplococcus from Case D, without 
apparent effect. 

Sinicus No. 34 developed an abscess on 2nd November, from which the 
diplococcus was isolated in pure culture. Cynoxnologus No. 24 gave the 
severest local reaction which I have as yet seen, a large portion of skin 
sloughing and leaving an ulcer with indurated margins. There was, however, 
little general disturbance of health, and the ulcer healed rapidly. 

Some of the cultural characters of the diplococcus have been 
referred to, incidentally, in the above description of the technique of 
its isolation from the throat, and I do not propose in this preliminary 
paper to describe it fully, but a few more details must be given. 

I n  morphology and staining reactions it closely resembles the pneumococcus, 
but it does not show a capsule even in the tissues of the monkey or in the 
heart blood of the mouse. Even in liquid media it forms only very short 
chains. The colonies on serum agar slopes or plates, sown sufficiently thinly 
to ensure good isolation, are at first indistinguishable from those of other 
streptococci, but after three or four days’ incubation they become more 
characteristic. They spread considerably, attaining a diameter of 2 to 4 mm. 
Some streptococcal colonies also attain a large size, but these, 3s a rule, show 
a denser growth, especially in the centre, than those of the diplococcus. 
Generally the latter are perfectly circular and present a ringed marking with a 
slightly denser centre, but thcy may have ii uniform crinkled surface and 
occasionally a crenated margin. Sometimes the margin is distinctly raised, 
and in this case the centre becomes thinner than it was originally. The 
conditions which give rise to these differences have not yet been determined, 
and the differentiation of the colonies from those of certain other varieties of 
streptococci is not yet possible without the further tests. 

I n  serum broth and in undiluted serum the growth is at  first diffuse, 
later a slight deposit forms. Apparently the more serum present the more 
copious the growth, but the proportions for optimum growth have not yet 
been determined. Growth does not, as a rule, occur in ordinary media without 
the addition of serum (human or horse ; other sera have not yet been tried), and 
this absence of growth on ordinary media seems to be a very definite dis- 
tinguishing feature. Only once or 
twice have I obtained in a first subculture from the monkey a faint opacity in 
ordinnrg broth, and this has rapidly died out. The presence of glucose in the 
medium renders it easier to obtain growth without serum. The colonies on 
blood agar plates resemble those of the pneumococcus, presenting a greenish 
appearance with a very slight clear halo surrounding them. 

Milk is rendered acid, and is sometimes, but not always, coagulated. 
Acid formation also takes place in media containing the following:- 

lactose, cane-sugar, glucose, maltose, raffinose, and inulin. Mannite is slowly 
attacked, dulcite and adonite are not changed. 

Doses 
of 1.5 C.C. of a first subculture from the throat kill in twenty-four hours; after 
passage through the monkey the virulence for mice is increased, doses of 0.5 
C.C. killing in twenty-four hours. Whether the virulence for monkeys can be 
raised by passage through mice has not yet been determined. 

. 

I t  persists even after many subcult.ures. 

The diplococcus is pathogenetic to mice on subcutaneous injection. 
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If I am correct in believing that the above-described reaction in 
the monkey is really scarlet fever, then there can be little doubt that 
the diplococcus in question is t+e cause of scarlet fever in the human 
subject. The direct evidence in favour of this view is the i-esemblance, 
in a t  least two important features, of the disease in the monkey to 
human scarlet fever, and the occurrence of the diplococcus in the 
throats of a considerable proportion of scarlet fever cases. In this 
connection also I think the reaction obtained in Rhesus No. 1 
(Chart 1) with sterile scarlet fever blood is of coiisiderablc im- 
portance. I have 
been unable to produce the reaction in monkeys with long-chained 
streptococci, isolated from the blood and from the throats of scarlet 
fever patients. That this is not due merely to want of virulence ie 
shown by the fact that one monkey, which received an iutraperitoneal 
injection of a culture of a streptococcus from the heart blood of a fatal 
case of scarlet fever, died a week later from peritonitis without having 
shown any sign of the reaction. 

The negative results obtained with streptococci from Case A, even 
after prtssage through Rhesus No. 9 (Chart 2), point in the- same 
direction. I have also given subcutaneous injections of streptococci 
mixed with B. p o t e z t s  with negative results, :uid injections of mouth 
waehirigs from w e a  other than scarlet fever have not given the 
reaction, even when abscess formation occurred. 

It is, of course, quite possible that all cases of scarlet fever are not 
due to the same diplococcus, just as all cases of what is clinically 
typhoid fever are not due to the typhoid bacillus. This the future 
alone can decide. What appears fairly certain a t  present is that there 
is a specific scarlet fever caused by a diplococcus with definite cultural 
characters, and that this scarlet fever is not caused by the ubiquitous 
pyogenic streptococci which are not infrequently found in its complica- 
tions and even occasionally in the blood of uncomplicated cases. The 
almost constant occurrence of long-chained streptococci in the blood of 
fatal cases a t  the autopsy must be regarded as a terminal or even a 
post-mortem phenomenon. I have as yet no evidence that the specific 
diplococcus ever occurs in the blood. 

The question of the nature of the change in the leucocytes indicated 
by the presence of Dohle’s bodies is an interesting one for future 
investigation. Here I propose only to refer shortly to the conditions 
in which I have found it in the monkey, as this matter has a direct 
bearing on the scarlet fever problem. In the first place, it should be 
noted that the change may be found occasionally in 1 or 2 per cent, 
of the leucocytes even in apparently normal monkeys. After injections 
of various foreign substances, eg., milk, blood, and dead or living 
cultures of various bacteria, the percentage of leucocytes showing the 
change may rise. I have not in any such c u e  observed more than 
1 0  per cent. of the leucocytes affected, and I do not place reliance, a8 

Evidence of a negative character is also available. 
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regards the diagnosis of scarlet fever in the monkey, on any reaction 
where less than 20 per cent. of the leucocytes show the change. I n  
all the scarlet fever monkeys, about 50 per cent. of the leucocytes 
were affected, and not infrequently 90 per cent. In monkeys dying 
from tuberculosis the appearance of the bodies in large numbers of 
leucocytes is fairly constant for a few days before death. I n  the 
earlier stages of this disease small numbers are sometimes found. In  
one monkey which died from an unknown cause the bodies were found 
in 40 per cent. of the leucocytes in the blood taken post-mortem. 

By injections of sublethal doses of diphtheria toxin, I have 
produced reactions comparable to those obtained with scarlet fever 
material as regards the presence of Dohle's bodies, but differing there- 
from in the absence of fever. These observations with diphtheria toxin 
prove finally the reactive or degenerative nature of the change and 
dispose of the theory which regards the bodies M parasitic inclusions. 

I have failed to produce the reaction with cultures of streptococci, 
staphylococci, and B. proteus, with tuberculin and emulsions of dead 
tubercle bacilli, with cobra venom and with thallianine (an oxidised 
turpentine which causes a marked leucocytosis). 

If the interpretation placed upon the experimental results described 
in this paper be correct, then we must regard scarlet fever aa a disease 
analogous to diphtheria, where the infective agent, gaining only a slight 
foothold in the tiesues at a local focus, is able to produce a toxin which 
is poured into the blood. The pyrexia and exanthem and the change8 
in the leucocytes are the direct result of the action of this toxin, as is 
also probably the arthritis when this occurs. In  the nephritis occur- 
ring towayds the end of the third week, other factors appear to be 
involved which may now possibly be capable of resolution by the 
experimental method. 

The resemblance of the toxin in scarlet fever to that in diphtheria, 
as shown by the production of similar changes in the leucocytes, is 
particularly interesting and may perhaps be of good omen for a future 
serum therapy of scarlet fever. 

I am fully aware that the number of observations on which these 
conclusions are based is as yet small, but in view of the general 
interest of the subject it seems desirable to publish them now in the 
hope that they may be repeated by other workers and the correctness 
of the interpretation placed upon them tested. 

Whether or not the diplococcus now described may prove to have 
a better title than its predecessors to the name Diplococcw scarlatina 
only the future can decide. 
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ERRATUM. 

On Chart No. 5, p. 452, for “Sinicus” read ‘ I  Cynomologus.” 
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C H A R T  NO1. RHESUS NO 1. 

II C H A R T  N O  3. RHESUS N O  17. 



CHART N? 5. SlNlCUS N O  25. 
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II CHART N? 6. RHESUS NQ 16. 
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CHART N O  7. .RHESUS NO 6. I 

II C H A R T  N O  8. RHESUS N O  28. II 

It C H A R T  N? 9. RHESUS NO 29. 



CHART N? 10. R H E S U S  N9 30. 

ll CHART N o l l .  RHESUS 27. 
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